WW Aurigae is a detached eclipsing binary composed of two metallic-lined A-type stars orbiting each other every 2.5 days. We have determined the masses and radii of both components to accuracies of 0.4% and 0.6%, respectively. From a cross-correlation analysis of high-resolution spectra we find masses of 1.964 ± 0.007 M ⊙ for the primary star and 1.814±0.007 M ⊙ for the secondary star. From an analysis of photoelectric uvby and U BV light curves we find the radii of the stars to be 1.927 ± 0.011 R ⊙ and 1.841 ± 0.011 R ⊙ , where the uncertainties have been calculated using a Monte Carlo algorithm. Fundamental effective temperatures of the two stars have been derived, using the Hipparcos parallax of WW Aur and published ultraviolet, optical and infrared fluxes, and are 7960 ± 420 and 7670 ± 410 K. The masses, radii and effective temperatures of WW Aur are only matched by theoretical evolutionary models for a fractional initial metal abundance, Z, of approximately 0.06 and an age of roughly 90 Myr. This seems to be the highest metal abundance inferred for a well-studied detached eclipsing binary, but we find no evidence that it is related to the metallic-lined nature of the stars. The circular orbit of WW Aur is in conflict with the circularization timescales of both the Tassoul and the Zahn tidal theories and we suggest that this is due to pre-mainsequence evolution or the presence of a circular orbit when the stars were formed.
INTRODUCTION
The analysis of photometric and spectroscopic observations of detached eclipsing binary stars (dEBs) is one of the most powerful ways to investigate the properties of single stars (Andersen 1991) . The analysis of good light curves and radial velocity curves allows the measurement of the absolute masses and radii of two stars to an accuracy of 1% or better, and surface gravities to within 0.01 dex (e.g., Southworth, Maxted & Smalley 2004b) . Further analysis using spectral synthesis or photometric index calibrations also allows the derivation of accurate effective temperatures and therefore luminosities of the components of the eclipsing system. Accurate dimensions of a dEB provide a way of testing theoretical stellar evolutionary models because the two components of the system have the same age and chemical composition but, in general, different masses and radii. The observation and analysis of dEBs in stellar clusters and associations may also allow the calculation of accurate dimensions of four or more stars of the same age and initial chemical composition. In this case the distance to the cluster can be found using empirical methods which are free of the difficulties of the main-sequence fitting technique (Southworth, Maxted & Smalley 2005) . Furthermore, the age, metallicity and helium abundance of the cluster as a whole can be found from comparison of the observed masses and radii of the dEB with theoretical stellar models (Southworth, Maxted & Smalley 2004a ).
Another use of dEBs is to investigate the physical processes at work in single stars. This is particularly useful if one or both components belongs to a class of peculiar or poorly understood stars, for example slowly pulsating B stars (e.g., V539 Arae; Clausen 1996), or metalliclined stars (e.g., KW Hydrae; Andersen & Vaz 1984 , 1987 . Metallic-lined A stars (Am stars) are well represented in the compilation of accurate eclipsing binary data by Andersen (1991) , but many details of why and how these stars form and evolve are still not well understood. Table 1 . Identifications, location, and combined photometric indices for WW Aurigae. References: (1) Perryman et al. (1997) ; (2) Cannon & Pickering (1918) ; (3) Peters & Hoffleit (1992) ; (4) Argelander (1903) ; (5) KK75; (6) 2MASS; (7) Crawford et al. (1972 Am stars have spectral types between late-B and early-F, and exhibit peculiar photospheric chemical abundances. Whilst the calcium and scandium spectral lines are abnormally weak, the lines due to other metals can be strongly enhanced. This phenomenon is observed to be common for A stars with rotational velocities below about 100 km s −1 (Abt & Morrell 1995) , and is caused by the diffusion of chemical species below the surfaces of the stars (Budaj 1996 (Budaj , 1997 Michaud et al. 2004; Turcotte et al. 2000) . Am stars often occur in binary systems (e.g., Abt 1961) , which is expected as tidal effects in close binaries generally cause the rotational velocities of the stars to be slower than those of single stars. Whilst there have been suggestions that Am stars have slightly larger radii than other A-type stars (Kitamura & Kondo 1978; Budaj 1996) , this has not been confirmed by recent studies of metallic-lined dEBs (Lacy et al. 2002 (Lacy et al. , 2004a Lacy, Claret & Sabby 2004b) . The masses, radii and luminosities of metallic-lined components of dEBs are generally well matched by the predictions of theoretical evolutionary models for normal stars.
WW Aurigae
WW Aurigae (P = 2.52 days, mV = 5.8) is a bright Northern hemisphere metallic-lined dEB (Table 1) . It has an accurate trigonometrical parallax from the Hipparcos satellite, which gives a distance of 84.3 ± 7.6 pc. Its eclipsing nature was discovered independently by Soloviev (1918) and Schwab (1918) . Joy (1918) presented spectra which showed lines of both components moving with an orbital period of 2.525 days. Wylie (1930) verified this period photometrically. Dugan (1930) made extensive photometric observations but the investigation was complicated by the slight photometric variability of the comparison star. Huffer & Kopal (1951) and Piotrowski & Serkowski (1956) undertook photoelectric observations of WW Aur but were both hampered by bright observing conditions. Etzel (1975, hereafter E75) observed excellent photoelectric light curves in the Strömgren uvby passbands, consisting of about one thousand observations in each passband. The light curve analysis code ebop (see Section 5) was introduced in E75 and used to derive the photometric elements of WW Aur from the uvby light curves. Kiyokawa & Kitamura (1975, hereafter KK75) published excellent U BV light curves of WW Aur and analysed them using a procedure based on rectification (Russell & Merrill 1952; Kitamura 1967 ). Kitamura, Kim & Kiyokawa (1976) published good photographic spectra and derived accurate absolute dimensions of WW Aur by combining their results with those of KK75. The KK75 light curves were also analysed by Cester et al. (1978) in their program to determine accurate and homogeneous photometric elements of many dEBs with the light curve modelling program wink (Wood 1971) .
We shall refer to the hotter and more massive star as component A and the cooler and less massive star as component B. Abt & Morrell (1995) classified both stars as Am (A2,A5,A7) where the bracketed spectral types have been obtained from the Ca II K line, Balmer lines, and metallic lines, respectively.
OBSERVATIONS AND DATA AQUISITION

Spectroscopy
Spectroscopic observations were carried out in 2002 October using the 2.5 m Isaac Newton Telescope (INT) on La Palma. The 500 mm camera of the Intermediate Dispersion Spectrograph (IDS) was used with a holographic 2400 l mm −1 grating. An EEV 4k × 2k CCD was used and exposure times were 120 seconds. From measurements of the full width at half maximum (FWHM) of arc lines taken for wavelength calibration we estimate that the resolution is approximately 0.2Å (corresponding to two pixels). The spectral window chosen for observation was 4230-4500Å. This contains the Mg II 4481Å line which is known to be one of the best lines for radial velocity work for early-type stars (Andersen 1975) . A total of 59 spectra were obtained with an estimated signal to noise ratio per pixel of about 450. One spectrum, with a signal to noise ratio of about 700, was observed at Hβ (4861Å) to provide an additional indicator of the atmospheric properties of the stars.
A wide range of standard stars were observed during the same observing run and using the same observing equipment. The reduction of all spectra was undertaken using optimal extraction as implemented in the software tools pamela and molly 1 (Marsh 1989).
Photometry
Photoelectric uvby light curves were obtained by PBE between 1973 September and 1974 April using a 41 cm Cassegrain telescope at Mt. Laguna Observatory, USA, a (Breger 1982) .
The photoelectric light curves observed by KK75 in the Johnson U BV passbands each contain approximately 1000 observations. These are clearly tabulated and were converted to digital form using proprietary optical character recognition software. This can cause occasional errors (for example a 3 is easily mistaken for an 8), so the data have been inspected and all clear mistakes repaired. Some mistakes which are smaller than the observational errors may remain; we estimate that the 3000 observations from KK75 now contain fewer than ten misreadings. Interested researchers can obtain this data by contacting JS. 
PERIOD DETERMINATION
Photoelectric times of minima were collected from the literature, and the orbital ephemeris given in the General Catalogue of Variable Stars (Khopolov et al. 1999 ) was used to determine the preliminary cycle number of each minimum (reference time of minimum HJD 2 432 945.5393 and period 2.52501922 days). Equal weights were given to all observations as very few have quoted uncertainties. A straight line was fitted to the resulting cycle numbers and times of minima (Table 6) by χ 2 minimisation, using the first time of primary minimum from E75 as the reference time. One time of minimum had a large residual so was rejected.
The resulting ephemeris is: 
SPECTROSCOPIC ORBITS
Radial velocities were measured from the observed spectra using the two-dimensional cross-correlation algorithm todcor (Zucker & Mazeh 1994) . In this algorithm two template spectra are simultaneously cross-correlated against each observed spectrum for a range of possible velocities for each template. The metallic-lined nature of both stars means that care must be taken to select template spectra which match the true spectra of the stars as closely as possible.
For this reason synthetic spectra may not be the best choice as undetectable systematic errors could occur from missing or poorly matching spectral lines. Seven spectra, with spectral types between A0 and F5 (luminosity classes V and IV), were selected as templates from our set of standard star observations. The Hγ 4340Å line was masked in all spectra during the radial velocity analysis. Radial velocities were calculated using todcor for every combination of two template spectra, and are given in Table 8 in the electronic version of this work. Singlelined spectroscopic orbits were fitted to each set of radial Table 9 . Parameters of the spectroscopic orbit derived for WW Aur using todcor with observed standard star spectra for templates. The systemic velocities were calculated using synthetic template spectra.
Primary Secondary
Semiamplitude K ( km s −1 ) 116.81 ± 0.23 126.49 ± 0.28 Systemic velocity ( km s −1 ) −9.10 ± 0.25 −7.84 ± 0.32 Mass ratio q 0.9235 ± 0.0027
1.959 ± 0.007 1.809 ± 0.007 velocities for the two stars using the sbop 4 program (Etzel 2004) , which is a modified and expanded version of an earlier code by Wolfe, Horak & Storer (1967) . Initial investigations revealed that the orbital eccentricity is negligible so circular orbits were assumed.
Good spectroscopic orbits were found for fifteen combinations of two template spectra; the remaining orbits are This table will be available in the electronic edition of the paper Figure 2 . Spectroscopic orbit for WW Aur from an sbop fit to radial velocities from todcor. The radial velocities are from Table 7 but have been adjusted to match the systemic velocities found using synthetic template spectra (see text for details).
in good agreement but with larger standard errors. The final spectroscopic orbital parameters are given in Table 9 and are the mean and standard deviation of the parameters of the fifteen good individual orbits for the two stars. This procedure should have minimised possible systematic errors due to differences in effective temperature, metal abundance and rotational velocity between the template stars and the components of WW Aur. The standard deviation of the parameters of the final orbits are in excellent agreement with the estimated standard errors calculated by sbop for each individual orbit.
An example spectroscopic solution has been selected from the solutions for the fifteen good combinations of template spectra. This solution was obtained using HD 39945 (spectral type A5 V) and HD 32115 (A8 IV) as templates for star A and star B, respectively. The radial velocities for this solution have been given in Table 7 and compared in Fig. 2 with the final spectroscopic orbits for the components of WW Aur.
The systemic velocity of WW Aur have been found by calculating spectroscopic orbits using todcor and synthetic template spectra constructed using uclsyn (see Section 6). Separate systemic velocities were measured for each star (see Popper & Hill 1991 for reasons) ; the poor agreement between the values for the two stars is probably caused by their spectral peculiarity.
LIGHT CURVE ANALYSIS
Seven good photoelectric light curves of WW Aur exist: the uvby observations obtained by E75 and the U BV data of KK75. These were analysed with ebop 5 (E75; Popper & Etzel 1981; Etzel 1981) , which uses the Nelson-Davis-Etzel model (Nelson & Davis 1972; Etzel 1981) in which the discs of stars are approximated using biaxial ellipsoids. ebop is applicable only to eclipsing binaries which are sufficiently well detached for the stellar shapes to be close to spherical, as in the case of WW Aur. The version of ebop used here has been modified to fit for the sum and ratio of the stellar radii and to use the Levenberg-Marquardt minimisation algorithm (mrqmin from Press et al. 1992 ) to find the least-squares best fit to a light curve.
Limb darkening was incorporated using the linear law (e.g., Van Hamme 1993) as this meant that the coefficients, uA and uB, could be found from the observations. Using a more sophisticated non-linear law would have required us to adopt theoretically-calculated coefficients, so our photometric results would no longer have been entirely empirical. The gravity darkening exponents, β1
6 , were fixed at 1.0 (Claret 1998) and the mass ratio was fixed at the spectroscopic value; changes in both quantities have a negligible effect on the solutions. Third light and orbital eccentricity were found to be negligibly different from zero so were fixed at this value for the final light curve solutions.
The seven light curves were individually fitted using ebop and allowing the stellar radii, surface brightnes ratio, orbital inclination and limb darkening coefficients to be adjusted. The results are given in Table 10 and the best fits are plotted in Fig. 3 and Fig. 4 .
A solution was also obtained for the light curve obtained by Huffer & Kopal (1951) using an unfiltered photoelectric photometer equipped with two different amplifiers. This solution is in very poor agreement with the other solutions and the data are not homogeneous, so was not considered further.
Monte Carlo analysis
The formal uncertainties in parameters returned by minimisation algorithms in light curve modelling codes are known to be an inadequate representation of the overall parameter uncertainties (Popper 1984; Southworth et al. 2005) , particularly when some parameters are strongly correlated. The ratio of the radii can be strongly correlated with the light ratio, and so the surface brightness ratio, in systems such as WW Aur, which have deep but not total eclipses. We have used Monte Carlo simulations to quantify the correlations between the photometric parameters (Southworth et al. 2004b (Southworth et al. , 2004c and to derive robust uncertainties. For each observed light curve a 'synthetic' light curve was constructed by evaluating the best-fitting model at the phases 5 Eclipsing Binary Orbit Program (written by PBE) http://mintaka.sdsu.edu/faculty/etzel/ . 6 The meaning of the symbol β 1 is here given by F ∝ T eff 4 ∝ g β 1 where F and g are the local bolometric flux and gravity. Figure 4 . The E75 differential light curves of WW Aur, compared to the best-fitting light curves found using ebop. The residuals of the fits are plotted with magnitude offsets for clarity of observation. Then random Gaussian noise was added, of the same size as the scatter about the best fit, and a new best fit calculated. This process was undertaken ten thousand times for each observed light curve.
The distributions of values of the best-fitting parameters from a Monte Carlo analysis allow the correlations between parameters to be investigated. For WW Aur, the ratio of the radii is strongly correlated with the surface brightness ratio but other correlations are minor. The most interesting results are shown in Fig. 5 for the y and V light curves. The standard deviation of the distribution of values for each parameter has been calculated and is given in Table 10 . These standard deviations have been used to calculate the weighted mean and standard error of each parameter from the individual values from each light curve solution. The means and standard errors calculated in this way are in excellent agreement with values calculated just from the best-fitting parameters for each light curve. This confirms that the Monte Carlo analysis procedure provides robust and realistic uncertainties for parameters found by analysing light curves of dEBs (see also Southworth et al. 2004b ).
Limb darkening coefficients
In our analysis of the light curves of WW Aur we fitted the linear limb darkening coefficients directly rather than fixing them at theoretically predicted values. We can therefore compare our best-fitting values with those calculated from theoretical model atmospheres, which are commonly used in the analysis of the light curves of dEBs. Fig. 6 shows that whilst uA and uB are not very well determined here, they are only weakly correlated with other photometric parameters. The agreement between the observed limb darkening coefficients and the values derived using theoretical model atmospheres is generally reasonable, although the Claret (2000) coefficients are somewhat larger than those of Van Hamme (1993) and so have slightly worse agreement with the observations. It is important to remember, however, that the linear limb darkening law represents the limb darkening of stars significantly less well than other, more complex, limb darkening laws (Van Hamme 1993).
Confidence in the photometric solution
Values found for the ratios of the radii of stars in dEBs can depend on the model used to analyse the light curve (J. V. Clausen, 2004, private communication), due to different ways of representing the shapes of the stars and treating surface phenomena such as limb darkening. The y light curve of WW Aur has also been analysed using the wink code (Wood 1971) . The resulting photometric solution is in good agreement with the solution determined using ebop, suggesting that any systematic effects present in the ebop solution are negligible.
It is also useful to compare the photometric solution found here with the original solutions of the light curves. The solution of the uvby light curves by Etzel (1975) , who used the original version of the ebop code, is in excellent agreement with the solution found here. As the version of ebop used in this work is heavily modified, this provides confirmation that the modifications have not adversely affected our results. The original solution of the U BV light curves (KK75) was obtained using rectification (see Section 1) and is in good agreement with the results presented here.
The light ratios found in our light curve analysis agree well with a light ratio obtained from spectroscopic observations of the Hβ line (see below). Whilst this is a useful consistency check, it is of limited importance here because the light ratio has a large error. More precise light ratios can be found from metallic lines, but these are unreliable as both components of WW Aur have peculiar spectra.
Photometric indices
The ratio of the radii determined from analysis of the seven light curves is k = 0.953 ± 0.011. This ratio of the radii was used to determine the light ratios of WW Aur in the uvby and U BV passbands (Table 10 ). Strömgren photometric indices were then found for the two stars from the uvby light ratios and the indices of the overall system (Table 1) . The reason for finding the light ratios using the same ratio of the radii for each light curve is that the resulting values are more directly comparable to each other as the statistical variation of the individual light curve solutions has been removed.
The resulting Strömgren indices are given in Table 11 . The uncertainties in these indices have been calculated by adding in quadrature the effects of perturbing each input quantity by its own uncertainty. We have assumed that the uvby filters used by E75 provide a good representation of the standard system.
EFFECTIVE TEMPERATURE DETERMINATION
Fundamental values for the effective temperatures of the components of WW Aur have previously been found by Smalley et al. (2002) , using the Hipparcos parallax of the system and ultraviolet, optical and infrared fluxes. We have repeated their analysis using our new values for the stellar radii and V -band magnitude difference. We obtain effective temperatures of 7960±420 K for star A and 7670±410 K for star B. These are only slightly different to previous results. The main contribution to the uncertainties from the Hipparcos parallax, with the lack of high-quality optical fluxes contributing to a slightly lesser extent. These fundamental values are in agreement with those obtained from Hα and Hβ profiles . Ribas et al. (1998) determined the effective temperatures of the components of twenty dEBs from consideration of their Hipparcos parallaxes, apparent magnitudes and radii. The effective temperatures found by these authors for WW Aur are 8180 ± 425 K and 7766 ± 420 K, in good agreement with our values.
Strömgren uvby photometry for the combined system and inferred values for the individual components (based on the light ratios determined in Section 5) are given in Table 11 , along with effective temperatures and surface gravities obtained from the solar-composition Canuto-Mazzitelli grids of uvby colours (Smalley & Kupka 1997) . These imply slightly hotter temperatures and also a smaller difference between the two components. However, the fundamental values are consistent to within the uncertainties and thus will be preferred.
A light ratio was also obtained using the Hβ line, which is not significantly affected by spectral peculiarities, to provide an external check on the accuracy of the light curve solution. Synthetic spectra were calculated using uclsyn (Smith 1992; Smalley, Smith & Dworetsky 2001) , Kurucz (1993) atlas9 model atmospheres and absorption lines from the Kurucz & Bell (1995) linelist. The spectra were rotationally broadened as necessary and instrumental broadening was applied with FWHM = 0.2Å to match the resolution of the observations. Comparison between synthetic spectra and observed spectra of WW Aur gave a light ratio of l 2 l 1 = 0.75 ± 0.10, which is in good agreement with the light ratios found by analysing the light curves.
Projected rotational velocities of 35 ± 3 and 37 ± 3 km s −1 , for stars A and B respectively, were obtained from the sodium D lines of WW Aur in archive MUSICOS spectra (Catala et al. 1993) . These values are in excellent agreement with those found by Kitamura et al. (1976) .
ABSOLUTE DIMENSIONS
The absolute dimensions of WW Aur, found from our spectroscopic and photometric analysis, are given in Table 12 . We have adopted the usual convention of quoting standard errors when studying eclipsing binary stars. The results of our analyses are in good agreement with those of Kitamura et al. (1976) .
WW Aur has a circular orbit and the rotational velocities of both components are synchronous to within the observational uncertainties, so a consideration of theories of tidal evolution is interesting. The timescales for orbital circularisation and rotational synchronisation due to tidal effects have been calculated using the theory of Zahn (1977 and the hydrodynamical mechanism of Tassoul (1987, 1988) . The computations were performed using the same method as in Claret, Giménez & Cunha (1995) and Claret & Cunha (1997) . For the theory of Zahn, the critical times of orbital circularization for the system and rotational synchronisation for components A and B are 1380, 1120 and 1280 Myr, respectively. For the Tassoul theory, the critical times are 250, 21 and 22 Myr, respectively. The Tassoul timescales are much shorter than the Zahn timescales, as is usually found 
COMPARISON WITH THEORETICAL MODELS
We compared the masses and radii of the components of WW Aur to predictions of the Granada (Claret 1995), Geneva (Schaller et al. 1992) , Padova (Girardi et al. 2000) and Cambridge (Pols et al. 1998 ) theoretical stellar evolutionary models, but were unable to find a match for any of the published chemical compositions under the assumption that the stars have the same age and chemical composition.
We also compared the properties of WW Aur to the theoretical models of Siess et al. (2000) to investigate whether one or both of the stars may be in a pre-main-sequence phase, but we remained unable to find a match to the observations. Further investigation using the models of Claret (2004) revealed that an acceptable match to the masses and radii of WW Aur could be obtained for a very high metal abundance of Z = 0.06 and an age between 77 and 107 Myr. Models were calculated for the observed masses of the stars, and a helium abundance of Y = 0.36 was adopted from the standard chemical enrichment law with ∆Y /∆Z = 2. The effective temperatures of the stars are in agreement with the model predictions for this chemical composition and age, although this is of low significance because they are quite uncertain. It is possible to match the properties of the stars using models with fractional metal abundances between about 0.055 and 0.065. An acceptable match to the observed properties of WW Aur can also be found for an age of about 1 Myr and an approximately solar chemical composition, but the age range over which the match is acceptable is extremely small. These results are shown in Fig. 8 .
We have investigated whether a lower chemical composition could be found by varying the input physics of the Claret (2004) models, which use nuclear reactions rates from NACRE. We have performed tests with the new measurement of the nuclear rate 14 N(p, γ) 15 O (Runkle 2003; Formicola et al. 2004 ) which is around a factor two smaller than the previous one (Schröder et al. 1987 ). The differences are not noticeable for stars with masses similar to those of WW Aur. The influence of convective core overshooting was also investigated: for no extra mixing (αOV = 0) we obtain slightly smaller ages but a very similar metal abundance. The effects of rotation were also considered (Claret 1999): for solid body rotation and local conservation of the angular momentum, no conspicuous differences were found when compared with standard models.
We conclude that the high metal abundance required to match the physical properties of WW Aur cannot be attributed to differences among the evolutionary codes or the input physics. In fact, recent comparisons between the available grids of stellar models (Lastennet & Valls-Gabaud 2002; Southworth et al. 2004b) indicate that the models from Geneva, Padova and Granada are very similar when compared with observations of dEBs.
DISCUSSION
The component stars of WW Aur are peculiar, both because of their metallic-lined nature and because current theoretical evolutionary models can only match their masses and radii for a high metal abundance of Z ≈ 0.06. The strong metal lines in their spectra are due to the Am phenomenon, and not a high overall metal abundance, because the calcium and scandium lines are weak.
We must now ask whether the Am phenomenon is just a surface phenomenon, or whether it is affecting the radii of the two stars and causing us to find a spurious large metal abundance. This question can be answered by considering other well-studied metallic-lined dEBs and by investigating whether the diffusion of chemical species can significantly affect the radii of A stars predicted by theoretical models.
Several dEBs containing Am stars have recently been studied: V885 Cyg (Lacy et al. 2004a ), V459 Cas (Lacy et al. 2004b) , WW Cam (Lacy et al. 2002) and V364 Lac (Torres et al. 1999 ). The components of V885 Cyg and WW Cam are clearly metallic-lined but the presence of chemical peculiarity in V459 Cas and V364 Lac is uncertain. The theoretical models of Claret (2004) can match the properties of V885 Cyg and WW Cam for metal abundances of 0.030 and 0.020, respectively. The same models can also match V459 Cas with Z = 0.012 and V364 Lac with Z = 0.020. As these dEBs can be matched by models with normal chemical compositions, we have no reason to suppose that the Am phenomenon makes a significant difference to the radii of stars (see Southworth et al. 2004d for further discussion). The metallic-lined dEB KW Hya was analysed by Andersen & Vaz (1984, 1987) , who found an unusual chemical composition from comparison with the models of Hejlesen (1980) . However, the Hejlesen models use old opacity data which is quite different from recent results, so any chemical composition derived using them needs revision.
Theoretical models for A stars with diffusion have been published by Richer, . The Am phenomenon is found to be important only near the surfaces of A stars, so only affects surface quantities such as effective temperature (S. Turcotte, 2004, private communication) . It will therefore have a negligible effect on the stellar radius. In particular, for WW Aur to match theoretical models of a normal chemical composition, the ratio of the radii of the two stars must become significantly smaller. Any physical phenomenon must therefore affect one component far more than the other component.
We have found no evidence that the Am phenomenon is causing us to find a high metal abundance for WW Aur, so we will now consider the existence of stars which are very rich in metals. The highest recent estimation of the metal abundance of a dEB is Z = 0.042 (EW Ori, Popper et al. 1986 ) by Ribas et al. (2000) , from a comparison with (extrapolated) predictions from the Claret (1995) theoretical models.
A metal abundance of Z = 0.06, corresponding to Fe H = +0.5, is at least three times higher than the accepted solar abundance (but see Asplund, Grevasse & Sauval 2004) . However, the metal abundance of the old open cluster NGC 6253 has been found to be between Z = 0.04 and 0.06 (Twarog, Anthony-Twarog & De Lee 2003) . These authors found metallicities between Fe H = 0.4 and 0.9 from the Strömgren m1 and calcium hk photometric indices of stars in NGC 6253, although the best isochronal match to the morphology of its colour-magnitude diagram was obtained using the Padova stellar evolutionary models for Z = 0.04 and enhanced abundances of the α-elements. Therefore, whilst high metal abundances of Z = 0.06 are unusual, there is no reason to assume that they do not exist.
We have studied the metallic-lined A-type dEB WW Aurigae in order to determine its physical properties. The masses have been derived to accuracies of 0.4% by cross-correlating the observed spectra against standard star spectra. The radii have been derived to accuracies of 0.6% by analysing U BV and uvby light curves with the ebop code. The masses and radii have been found without using any theoretical calculations so can be regarded as being entirely empirical. They are also among the most accurately known for any stars. The effective temperatures of the two stars have been derived from their Hipparcos parallax, using a method which is nearly fundamental.
Attempts to find a good match between the physical properties of WW Aur and predictions from several sets of theoretical stellar evolutionary models were unsuccessful for any of the chemical compositions for which models are available. Pre-main sequence evolutionary predictions were equally unsuccessful. However, the predictions of the Claret (2004) models match the observed masses, radii and effective temperatures for a metal abundance of Z = 0.06 and for an age of roughly 90 Myr. This conclusion is robust against changes in the input physics of the models.
The tidal evolution theory of Zahn predicts timescales for orbital circularisation and rotational synchronisation which are much longer than the age of WW Aur, in disagreement with the observed circular orbit and the synchronous rotation of the stars. Similar cases can be found in Southworth et al (2004a) and González & Lapasset (2002) . The Tassoul theory gives much shorter tidal evolution timescales and correctly predicts synchronous rotation, but predicts that the orbit should not yet be circularised. However, this could be easily explained by tidal evolution in the pre-main sequence phase (Zahn & Bouchet 1989) or the formation of a system with a nearly circular orbit (Tohline 2002).
We have found no evidence to suggest that the Am phenomenon is causing us to derive a spurious metal abundance for WW Aur. In fact, the Claret (2004) theoretical evolutionary models can match the observed properties of other Am dEBs for entirely normal chemical compositions. This is in agreement with the results of stellar models which include diffusion, which suggest that its presence does not significantly affect the radii of A stars.
Our conclusion that WW Aur is rich in metals relies on our measurements of the masses and radii of the two stars and the use of theoretical models to determine what initial chemical compositions could produce these properties, so is reliable. Further investigation of this will require more accurate effective temperatures, which may be available in the near future. A final analysis of the astrometric data from the Hipparcos satellite will soon be available, which is expected to report a significantly more accurate parallax for this dEB (F. van Leeuwen, 2004, private communication; van Leeuwen & Fantino 2005) . WW Aur will also be a target for the ASTRA robotic spectrophotometer (Adelman et al. 2004) , which aims to observe accurate spectrophotometric fluxes for the measurement of fundamental effective temperatures of many types of stars. A rediscussion of the effective temperatures of WW Aur compared to theoretical predictions may then allow chemical composition of the system to be studied in more detail.
